In this article, we present results based on high-density, high-precision Wide-Angle Search for Planets (WASP) light curves supplemented with lower-precision photometry from the All-Sky Automated Survey (ASAS) for 268 RR Lyrae stars (176 regular, 92 Blazhko). Light curves were Fourier-decomposed and coefficients from WASP were transformed to the ASAS standard using 24 common stars. Coefficients were then compared with similar data from Galactic globular clusters, the Galactic bulge and the Large and Small Magellanic Clouds (LMC and SMC). Using Fourier coefficients, we also calculated physical parameters via standard equations from the literature. We confirmed the results of previous authors, including lower amplitudes and longer rise times for Blazhko stars. It was found that in the R 31 vs. R 21 plot the location of a star depends mainly on its metallicity and that Blazhko stars prefer a different location than modulation-free stars. Field and globular-cluster RR Lyrae variables have a different φ 21 and φ 31 than stars in the LMC, SMC and in Galactic bulge. Although there are some weak indications that Blazhko stars could prefer a slightly lower metallicity and shorter periods, no convincing proof was found. The most interesting highlight is the identification of a very recently proposed new group of metal-rich RR Lyrae type stars. These low-luminous, metal-strong variables, which comprise both Blazhko and regular stars, have shorter periods and about a 180 K higher temperature at constant (B − V ) 0 than the rest of the stars in the sample.
INTRODUCTION
Recent research has revealed that the Blazhko effect (Blazhko 1907) , which manifests itself as amplitude and/or phase changes in light curves of RR Lyrae type stars, is much more common than astronomers previously thought. Owing to ultra-precise space measurements provided by the Kepler and CoRoT satellites and extensive ground-based surveys (e.g. The Konkoly Blazhko Survey, Jurcsik at al. 2009 ) it became apparent that the fraction of field RR Lyrae stars pulsating in fundamental mode, which undergo the Blazhko modulation, exceeds 50% (Jurcsik at al. 2009; Benkő et al. 2010) . Although these incidence rates are based on relatively small samples comprising only few tens of stars, the close to one half incidence of modulated stars could generally be correct.
In the first paper, which was devoted to bright RRab stars observed in the framework of the ASAS 1 (e.g. Pojmanski 1997 Pojmanski , 2002 and WASP 2 (Pollacco et al. 2006; Butters et al. 2010 ) surveys, Skarka (2014 showed with a sample of more than three hundred stars that the incidence rate of bright field Blazhko RRab Except that it is unclear how the modulation should be modelled, there are two crucial questions unanswered: Why do some stars show modulation and other do not? Is there any difference between Blazhko and non-Blazhko stars? There are a few studies dealing mainly with the metallicity dependence of the Blazhko effect, such as the one by Moskalik & Poretti (2003) , who suggested that the incidence rate of Blazhko stars could correlate with metallicity. However, a paper that broadly deals with other physical characteristics has been missing in spite of the availability of a large sample of regular and modulated field RRab stars.
Nevertheless, we should mention the study of Smolec (2005) , who disproved the formerly noted suggestion of Moskalik & Poretti (2003) and gave plots for several interrelations among Fourier parameters of GB and LMC stars. Alcock et al. (2003) extensively compared stable and Blazko stars (also in their Fourier parameters) in the LMC. More recently, Nemec et al. (2011) gave a wide review of empirical relations which they applied to stars in the field of view of the Kepler space telescope and compared them with their spectroscopic results . Jurcsik et al. (2011) showed that Blazhko RRab stars in M5 tend to have systematically larger amplitudes of light changes, shorter periods and fainter magnitudes than the averages of their sample stars. In addition they showed that Blazhko RRab Lyraes are bluer than regular stars and speculated that the Blazhko effect may have an evolutionary connection with the mode switch from fundamental to overtone-mode pulsation. Goranskij et al. (2010) ; Jurcsik et al. (2012) reported that V79 in M3 shares the properties of both the double-mode and the Blazhko phenomena. Similar behaviour was observed in OGLE-BLG-RRLYR-12245 (Soszyński et al. 2014) . Jurcsik et al. (2013) found a very interesting stable star in the globular cluster M3, which mimics the behaviour of a Blazhko star. These objects could play an important role in understanding the nature of the Blazhko effect.
In this paper we concentrate on the analysis of Fourier parameters of stable and Blazhko field RRab stars brighter than 12.5 mag in maximum light with data from the WASP and ASAS surveys. In the second section information about data and methods of transformation of WASP parameters to those in the ASAS system are given. In addition data used from globular clusters and other stellar systems are discussed here. Section 3 presents methods used in the transformation of Fourier parameters to physical characteristics. In sec. 4 comparison of light-curve parameters of modulated and modulation-free stars (also for stars located in the LMC, SMC, GB and in globular clusters) are given. Section 5 provides a discussion on physical parameters. Finally, sec. 6 is a summary of this paper.
DATA SETS
The crucial part of our analysis, focused on stars from the Galactic field, is based on data from the WASP and ASAS databases. As an extension we also compiled and utilized available data of stars from globular clusters (hereafter GC), the LMC, SMC and GB and compared their light-curve parameters with those from our basic data set.
RR Lyrae sample from WASP and ASAS surveys
We examined the data of 321 RRab Lyraes from the ASAS and WASP surveys. These stars have well defined light curves brighter than 12.5 mag in maximum light. This analysis is a continuation of the study of Blazhko variables performed on the same sample (Skarka 2014) . After additional visual examination, we discarded stars with sparse and uneven light curves and stars in which we could not decide about modulation. That left us with 268 objects (176 stable stars, 92 Blazhko stars).
From this sample, 99 stars had high-density, high-precision data in the WASP survey containing typically few thousands of points per star, which span from several tens of days to about three years. Compared to ASAS light curves, which had typically only few hundreds of points spread out over several years, WASP data were of significantly better quality with a magnitude-order lower scatter than ASAS light curves. The reader is referred to Skarka (2014) for more details about the data, methods in data cleaning, data processing and period determination, as well as for methods to identify the Blazhko effect.
The goal of the light-curve analysis was to determine Fourier parameters R i1 = A i /A 1 and φ i1 = φ i − iφ 1 via light-curve fitting with
where n is the degree of the fit, t 0 is a time of maximum light and P is the basic pulsation period. Fourier parameters, which were firstly introduced to analyse light-curve properties of Cepheids (Simon & Lee 1981) , can be easily converted to physical characteristics through known empirical relations (sec. 3).
To be at least roughly objective, we applied a slightly modified approach introduced by Kovács (2005) (hereafter K05) for determination of the degree of fit for ASAS light curves. At first, a sixth order fit (n = 6 in eq. 1) was applied to each light curve. Subsequently, parameter m * was calculated:
In the above equation A 1 is the first-component amplitude, σ is the uncertainty of the 6th order fit and n * is the number of points in the particular light curve. Since we worked with about double the amount of data that K05 used, his constant 10 (in the denominator of eq. 2) was changed to 20 and his function INT was changed to ROUND. For m * < 4 and 4 < m * < 10 a fit with n = 4 and n = m * components was used, respectively. If m * > 10 than n = 10. Nevertheless, in several tens of stars, the degree of the fit was changed by visual inspection to get a better model of the light curve. Noted conditions were used to avoid over-fitting of noisy light curves and under-fitting of well defined ones as was already discussed in K05.
In the case of WASP data, data were always fitted with ten components. Since WASP data were more dense and more numerous than those from ASAS, uncertainties of parameters based on WASP data were in the order of a few thousandths, while uncertainties of parameters derived from ASAS data were of a magnitude larger.
WASP and ASAS calibrations
The vast majority of relationships between Fourier parameters and physical characteristics (sec. 3) use Fourier coefficients based on Vlight curve decomposition. ASAS measurements are in the V filter, and offsets of light-curve parameters from ASAS and those based on the standard V Johnson filter are known (table 3 in K05) . Since we utilized only data from WASP and ASAS, the consistency between parameters from these two surveys was more important than precise calibration to the standard Johnsons V filter. ASAS using 24 stars in common. Subsequently, values were shifted using Kovacs offsets.
When we compared WASP Fourier coefficients with those from ASAS, it was found that offsets are very scattered (examples in fig. 1 ). Therefore, we considered a linear relation between WASP and ASAS parameters rather than simple shifts. The dependences were iteratively fitted using the weighted least-squares method, and outliers deviating more than 3σ were removed in each iteration. Resulting fits showing almost 1:1 relations are in fig. 2 , and final parameters of the fits can be found in Table 1 .
Despite the fact that the conversion from the WASP to ASAS system significantly increases the uncertainties, parameters based on WASP are given in the cases when the stars had both WASP and ASAS data available, because WASP light curves are much better defined. Derived Fourier parameters, converted to the standard system, together with physical characteristics and other properties of light curves, are given in sec. 3 in table 3.
Globular cluster RRab stars
Since many of RR Lyrae stars located in GC's have been studied in detail in the past two decades, a relatively large sample of their accurate Fourier coefficients is available. Unfortunately, in many of these RR Lyrae stars it is not possible to find information about their modulation, which reduces the number of suitable objects for our purpose. Kovács & Walker (2001) compiled an extensive list of almost four hundred cluster RR Lyrae stars with Fourier decomposition. We scanned the literature (ω Cen (Jurcsik et al. 2001 ), M53 (Dékány & Kovács 2009; Arellano Ferro et al. 2011) , M5 (Jurcsik et al. 2011) , M3 (Jurcsik et al. 2012 ), M9 (Arellano Ferro et al. 2013) , M62 (Contreras et al. 2010 ), NGC5466 (Arellano Ferro et al. 2008 , NGC1851 (Walker 1998) , NGC6171 (Clement & Shelton 1997) , and IC4499 (Walker & Nemec 1996) ) to get information about the modulation of stars in the set of Kovács & Walker (2001) , and to extend and enhance this list. Contreras et al. (2010) provides only information about a deviation parameter D m of stars in M62. This parameter was introduced by Jurcsik & Kovacs (1996) to give information about the quality and stability of the light curve. Usually, non-modulated stars are considered to have D m < 3. Nevertheless, Cacciari et al. (2005) showed that D m is effectively unable to distinguish between Blazko and non-Blazhko stars down to D m 2. Therefore, only stars in M62 with D m < 2 were included in our list and were considered as stable stars. The final sample of GC RRab Lyraes that 
If necessary, φ 21 and φ 31 were corrected for integer multiples of π to meet φ 21 < π and π <φ 31 < 2π conditions.
Fourier parameters of RR Lyrae stars located in the LMC, SMC and GB
Fourier coefficients of RRab Lyraes observed in the framework of the OGLE-III survey (Udalski et al. 1997; Szymański 2005) were gathered through the WWW interface 3 to have a comparison of field stars with stars in the GB (11 371 stars, Soszyński et al. 2011 ), LMC (16 941, Soszyński et al. 2009 ) and SMC (1 863, Soszyński et al. 2010 ). In the case of LMC stars we also used data of modulated stars (731 objects, Alcock et al. 2003) . Since Fourier decomposition of the OGLE data were available for the I passband and according to cosine-series, they were transformed to V filter to match our results using eq. 3 and relations introduced by Morgan et al. (1998) .
PHYSICAL PARAMETERS DETERMINATION
As far back as the first pioneering studies of GCs in the first half of twentieth century, it became obvious that there is some correlation between period, metallicity, amplitude of light changes, and incidence rate of RRab and RRc stars in GCs (e.g. Oosterhoff 1939 Oosterhoff , 1944 Arp 1955; Preston 1959) . In particular, the average period of RRab stars in metal-deficient GCs was longer than in metal rich GCs and it seemed that RRab variables with lower metallicity tend to have lower amplitudes for a given period. This led to a definition of Oosterhoff groups. Sandage (1981) found that RRab members of GCs with a longer period at a given amplitude have a higher luminosity, which leads to a period-amplitude-luminosity relation. This was the first step towards physical parameters determination using light curve properties. Later, it became apparent that not only the period and amplitude of the light changes, but that the shape of the light curve can tell us something about the physical parameters of RR Lyrae variables. After the introduction of Fourier parameters by Simon & Lee (1981) in cepheids, Simon & Teays (1982) showed the advantages in distinguishing between RRab and RRc stars using plots, where Fourier coefficients are plotted as a function of period.
The first studies on the relationships of Fourier coefficients and physical parameters of RR Lyrae stars were those of Simon (1985 Simon ( , 1988 and Simon & Clement (1993) , who connected their results with theoretical models. These works were followed by papers of Kovacs & Zsoldos (1995) and Jurcsik & Kovacs (1996) , who determined [Fe/H] − P − φ 31 equations. Jurcsik (1998), Kovács & Walker (2001) and Sandage (2004) complemented and extended the package of empirical relations with equations for other physical parameters like absolute magnitude, temperature and others.
The applicability and correctness of these widely used calibrations were many times proved and discussed, and also modified. Therefore, it is sometimes difficult to be well informed. Examples of an extensive discussion on this topic can be found in papers of Cacciari et al. (2005) Nemec et al. (2013) , who utilized new high-dispersion spectroscopic measurements and precise photometric data from the Kepler space telescope, recommend to determine [Fe/H] as an average of metallicity during the Blazhko cycle, rather than to use a mean light-curve fit, which gives slightly inferior results. Since we use ground-based data, which are often sparse (and therefore inappropriate for determination of parameters during modulation cycle), and with much poorer quality than data from space, our physical parameters are based on a mean-light-curve fit. In addition, the goal of this paper is to compare Blazhko stars with stable stars, not to precisely determine physical parameters. Therefore the use of a mean light curve should be of sufficient accuracy for our purpose.
Metallicity
For metallicity determination the calibration of Jurcsik & Kovacs (1996) 
This relation gives results, which are systematically larger by about 0.3 dex on the lowest metallicity limit, which was demonstrated on GCs (Jurcsik & Kovacs 1996; Nemec 2004 ) and recently on field stars From fig. 3 it is seen that our photometric metallicities agree very well with the spectroscopic ones. The solid line represents the line of equality, dotted lines above and below the diagonal line show the 3σ limit of eq. 4 taken from Jurcsik & Kovacs (1996) . Except for 13 outliers (5 Blazhko and 8 non-modulated stars), the remaining 161 stars are concentrated within this zone.
Other physical parameters
According to discussions in Nemec et al. (2013) and Lee et al. (2014) , we used a slightly modified relation of Jurcsik (1998) (her eq. 2) with the zero point decreased by a factor of 0.2 for absolute magnitude determination
Effective temperature was estimated using the following calibration of Kovács & Walker (2001) :
is from (Jurcsik 1998) . Finally, masses of stars were calculated through the calibration of Jurcsik (1998) 
It is worth noting again that the goal of this study is a comparison between Blazhko and non-modulated stars, not precise determination of their parameters. In addition, comparison of different calibrations, which give slightly different results, and searching for the most reliable equations is out of scope of this paper. An extensive discussion and comparison of different calibrations can be found, for example, in Nemec et al. (2011) .
LIGHT-CURVE PROPERTIES OF REGULAR AND MODULATED RRAB STARS
In general, there are a few differences between Blazhko and nonBlazhko stars, which can be logically expected. As was noted by Szeidl (1988) , who used a period-amplitude diagram (recently called the Bailey diagram), Blazhko stars gain a similar amplitude as modulation-free stars only during their maximum Blazhko phase. In other modulation phases their light changes are smaller. This means that the mean light curves of Blazhko stars have typically smaller amplitudes than stars with stable light changes. As a direct consequence of lower amplitudes (at constant period), average light curves of modulated stars are more symmetrical than light curves of modulation-free stars. This further means a longer rise-time (RT , carrying information about a part of the cycle from minimum to maximum light) and lower amplitudes of higher components of Fourier fits for modulated stars, as already noted by Alcock et al. (2003) and Smolec (2005) . Figure 4 shows the distribution of the observed total LC amplitude A tot (difference between maximum and minimum light) and the first three Fourier amplitudes as a function of pulsation period of a star. Formerly noted facts are easily resolvable: Blazhko stars tend to have lower amplitudes than modulation-free stars. There is no distinct difference in the first Fourier amplitude A 1 (average values 0.342(6) and 0.331(7) for modulation-free and Blazhko stars, respectively), while higher-order amplitudes differ significantly (A 2,Ave = 0.171(3) and A 3,Ave = 0.113(3) for nonmodulated stars and A 2,Ave = 0.148(4) and A 3,Ave = 0.088(3) for Blazhko stars). This means that the reduction in total amplitudes of modulated stars is caused by higher-order Fourier amplitudes. From Table 4 , it is apparent that the trend of lower amplitudes for modulated stars is period-independent. For comparison, there are also GC stars plotted in fig. 4 (empty symbols). No apparent difference between GC and field stars was found.
Amplitudes
The top left panel of fig. 4 shows a classical Bailey diagram, which is usually used for distinquishing between RR Lyrae types, as well as for investigation of membership to any of the Oosterhoff groups (Oosterhoff 1939 (Oosterhoff , 1944 . Recent studies have revealed that the correlation between Oosterhoff groups, metallicity and amplitudes of their RR Lyrae members is not as simple as it appears, and that there are probably more than two Oosterhoff groups (see, for example, reviews of Catelan 2009; Smith et al. 2011) . Except for sec. 5.4, we do not deal with the Oosterhoff phenomenon, because our sample is very limited and spread over the whole sky. For those who are interested in this topic, we refer to the studies of Szczygieł et al. (2009) and Kinemuchi et al. (2006) , which were based on much wider samples of stars observed in the ASAS and NSVS surveys.
Nevertheless, it is worth mentioning that Blazhko stars probably do not prefer any of the Oosterhoff groups, as it is apparent from the top left panel of fig. 4 where the two dotted lines illustrate empirical loci of Oosterhoff groups according to Szczygieł et al. (2009) . From the same part of fig. 4 , it is obvious that Blazhko stars have smaller total mean amplitudes (A totBL = 0.89±0.02 mag) than their regular counterparts (A totSTABIL = 1.01 ± 0.02 mag).
If A 2 and A 3 are plotted as a function of A 1 we obtain the plots showed in the top panels of fig. 5 . Again, Blazhko stars tend to have lower Fourier amplitudes. Below the limit of A 1 ∼ 0.2 it seems, that modulated stars follow the trend of stable stars fairly well. Similar (5) 0.082 (6) behaviour was noticed in GB stars by Smolec (2005) for I-band light curves. However, this statement is based only on three modulated field stars and two GC stars. In the bottom panel A 1 is plotted against the total amplitude A tot of a star. A fleeting glance indicates that Blazhko stars are well separated from regular stars, which is not surprising, because A 1 is the dominant component of the total amplitude of Blazhko stars. With the unprecedented precise measurements of the Kepler satellite, Nemec et al. (2011) found this dependence likely to be cubic. From fig. 4 it is also apparent that the range of possible amplitudes decreases when the period increases for both Blazhko and non-modulated stars. Nevertheless, this does not mean that stars with a longer period automatically have a smaller amplitude (see fig. 2 and discussion in Nemec et al. 2011 ). 
Fourier parameters R 21 and R 31
All differences in Fourier amplitudes get more evident when R 31 is plotted as a function of R 21 ( fig. 6 ). In this figure, the dependence has the shape of a bent pin, where stars accumulate along the diagonal stem and around the horizontal pinhead. For comparison, modulation-free RR Lyrae stars from the LMC, SMC, and GB are plotted in this figure. Evidently, Blazhko stars are located along the stem and regular stars prefer the pinhead around R 31 ≈ 0.34 (average of all stable stars is 0.326(3)). This is also apparent from the right-hand panel of fig. 7 , where the distribution of stars according to their R 21 and R 31 are plotted. Below R 31 = 0.3 about 69 % of the stars are Blazhko stars. Similarly for R 31 < 0.25 only 6 % of the stars are stable stars. These 11 outlier-stars are labelled in fig. 6 . Either they are long period RR Lyrae stars (p > 0. respect to their periods. It is clear that the long-period variables prefer the diagonal stem rather than the pinhead.
The top left close-up of fig. 6 shows only data for the GB, LMC and SMC for better arrangement. When looking carefully, it is apparent that the dependences are slightly different and shifted. LMC (green dots) and SMC points (blue dots) are more scattered and shifted to the left, while data of stars located in the GB (red dots) are sharply defined on the right edge of the plot. It is very probable that this feature correlates mainly with metallicity. Stars with higher metallicity tend to be more to the right in this plot. SMC stars with the lowest average metallicity of about In fig. 8 it can be seen that the relationship between φ 21 and φ 31 is nearly linear, which was also observed in the Kepler-field stars, but this dependence was not so pronounced in synthetic diagrams (Nemec et al. 2011) . Noted discrepancies between observation and theory need to be investigated more closely. From fig. 8 it is evident that the slope of field and GC stars is different than the slope of the dependence for stars from the LMC, SMC and GB (both dependences are highlighted by dotted lines, which are based on linear fits). The reason for this property is apparent in the details of fig. 9 . Since the dependences of φ 21 and φ 31 for field and GC stars are linear and parallel in the whole range of periods, the vast majority of stars in the LMC and GB stars follow the dependence, which curves to higher values at the point of about P = 0.55 d. The reason for this phenomenon is not clear. Evolutionary effects are suspected to be responsible for this interesting behaviour. As a consequence, linear P−[Fe/H]−φ 31 calibrations based on field and GC stars would very likely give incorrect results for LMC, SMC and GB RR Lyrae stars.
The bottom panel of fig. 9 shows the traditional result that at a constant period more metal-abundant stars have a higher φ 31 , which is consistent with theoretical predictions when keeping mass and luminosity constant (see the bottom left panel of fig. 15 in Nemec et al. 2011) . Nemec et al. (2011) also suggested that the lowest-L stars are expected to have a low φ 21 , and that Blazhko stars should prefer a higher metallicity (due to a lower A tot and higher φ 31 ). Our results contradict this statement, because many of the low-luminous RR Lyraes have a high φ 21 , and Blazhko stars have on average a lower φ 31 than regular RR Lyrae stars. This indicates that results on several RRab stars in the Kepler field can not be extrapolated to the wider sample. Low-luminous stars form a separated sequence in φ 21 and φ 31 vs. P diagrams (φ 21 2.5, φ 31 5 and P < 0.6 d), and correspond to metal-strong Oosterhoff I stars (see sec. 5.4). (4) 0.225(12) 0.159(4) 0.227(12) 0.176(5) 0.200(8) The differences in their average values of φ 21 and φ 31 for modulated and non-modulated stars over the same period interval are very small. We obtain φ 21ave = 2.45(2) and φ 21ave = 2.42(2) for stable and modulated stars over the whole period interval, respectively. The situation is similar for φ 31 , where regular RR Lyrae stars have φ 31avg =5.14(3), while modulated stars have φ 31avg =5.03(2). From Table 5 we see that between the periods 0.5 and 0.6 days the averages of φ 21 and φ 31 are almost the same. Over other period ranges the differences are slightly more pronounced. Figure 10 shows how rise time correlates with some light-curve characteristics. It is seen that stable stars follow roughly linear trends, while RT s of modulated stars are very scattered and with typically higher values than for non-modulated stars. From these plots RT appears to be a powerful indicator predicting which stars are Blazhko-modulated. It appears that 1/3 of stars (RT > 0.24) can be clearly separated from stable stars. If an RRab star with RT > 0.24 is found, the star can be predicted to be a Blazhko star with pretty high confidence.
Rise time
When looking carefully, the top left panel of fig. 10 is, after reversing the vertical axis, very similar to dependencies in fig. 9 for stable stars. This means that RT can also be used for metallicity determination (Sandage 2004) . Nevertheless, the RTmetallicity equation can be used only for modulation-free stars, because Blazhko stars do not behave linearly and results for these stars would be completely wrong or at least systematically shifted.
In Table 5 , it can be found how average RT behaves in different period ranges. As can be expected, a longer period means a higher rise time. For stars with regular light curves, the average rise time is RT ave = 0.161(3) over the whole period interval, while for modulated stars it is RT ave = 0.221(7).
DISCUSSION ON PHYSICAL PARAMETERS
In our analysis we assume that equations 4-8 work for both stable and Blazhko stars. This implies that different coefficients for modulated RR Lyrae stars would result in different physical parameters. However, we can not rule out the possibility that slightly different or additional physics occurs inside Blazhko stars. In such case, although Blazhko and stable stars would share the same physical parameters, their light-curve parameters would be different. Since at this moment no signs of different physics are apparent, we assume that different light-curve parameters mean different physical parameters. 
Remarks on period distribution
The period-range of our 268 sample stars is between 0.27 and 0.89 days, which is also the range for our regular RR Lyrae stars. Periods of modulated stars range from 0.36 to 0.73 days. To test if the two samples come from the same distribution the KolmogorovSmirnov test was performed. The p-value 0.321 implies that they are consistent. The largest difference between the distributions (shown in the bottom panel of fig. 11 ) is at P = 0.65 d and exceeds D = 0.121. The appearance of the cumulative plot together with the histogram in fig. 11 point out the weak lack of Blazhko stars in the long-period part of the distribution. Jurcsik et al. (2011) found that Blazhko stars in GC M5 have a preference for shorter periods (0.504 d) compared with the mean period of all RRab stars (0.546 d). They proposed the occurrence rate of modulated stars in M5 with period shorter than 0.55 d as about 60 %. In our sample, the percentage of Blazhko stars below and above this limit is almost identical (34.8 % and 33.9 %, respectively). Concerning periods, the mean period of all sample RRab stars is 0.542(6) d, while the average period of Blazhko stars is only slightly lower (within the errors equal to 0.532(8) d). Modulated stars in the LMC have an average period of 0.552 d (Alcock et al. 2003) , whereas all RRab stars have an average period of 0.573 d. Although the tendency of modulated stars to have shorter periods is obvious for M5 and the LMC, the difference for field stars is not conclusive. To solve this problem, a more numerous sample would be needed. In addition the reanalysis of LMC stars (comprising new measurements since 2003) could shed some light on this matter.
Metallicity of non-modulated and Blazhko stars
When thinking about differences between modulated and modulation-free stars, metallicity is one of the most suspect parameters. Moskalik & Poretti (2003) assumed modulated stars in the GB to show a preference for higher metallicity, which was later disproved by Smolec (2005) , who found that the occur- 
Absolute magnitude and mean colours
The well-known linear dependence of absolute magnitude vs. metallicity is shown in fig. 13 . The blue line represents a linear fit of stable stars. When the slope of this dependence is considered to be the same for modulated stars, the zero-point shift with ∆M = 0.03 mag appears. Very similar behaviour, based on directly observed properties of RR Lyrae variables, was noted in M5, where the difference between stable and modulated stars was found as ∆M V = 0.05 mag (Jurcsik et al. 2011) . Therefore, lower luminosity can be a general property of Blazhko variables and not only due to selection bias.
To map the colour distribution of Blazhko stars among regular stars we constructed colour-magnitude ( fig. 14) and colourtemperature diagrams ( fig. 15 ). To be more conclusive, stars with different metallicity are plotted with different symbols in these plots. It is apparent that modulated stars with similar metallicity are uniformly spread out over the whole width of the dependence in fig. 14 (2011), who proposed modulated stars in M5 to be bluer than the average. This property also needs to be investigated more closely in other stellar systems, because it seems that results on limited sample stars in M5 alone could be misleading. For instance, lines of constant period for mean-evolved stars (equation 7 from Sandage (2010) ) are plotted with dotted lines in fig. 14. When looking carefully, stars with M V < 0.6 mag suggest a different dependency (different slope) than above this limit. Since metallicity correlates with absolute magnitude, as well as period, a similar linear dependence can be found for [Fe/H] 
Short-period metal-rich variables
When effective temperature is plotted against mean (B − V ) 0 ( fig.  15 ), an interesting split is observed. The dependence forms two well defined sequences shifted by 180 K with continuous transition between them. From this picture it is apparent that the branches roughly follow the metal content of the stars, e.g. stars with high metallicity have higher temperature than stars with lower metallicity at a constant (B −V ) 0 . However, it is not a strict rule: a metalstrong sequence is at its blue part contaminated with a few lowermetal-abundant variables.
The upper sequence depicted in fig. 15 comprises shortperiod, metal-rich stars, which were mentioned in sec. 4.3 ( fig. 9 ) to form an isolated branch in φ 21 -P φ 31 -P plots. These stars were marked as OoIb stars by Szczygieł et al. (2009) and were very recently discussed by McNamara & Barnes (2014) , who linked them with metal-strong, short-period stars belonging to Oosterhoff group I (OoI), which are not observed in GCs. They assumed them to be Blazhko stars with M AveV = 0.89 mag. This value corresponds very well with the appearance of fig. 14. Nevertheless, our findings clearly show that the metal-strong branch is formed mainly by stars with stable light curves, which contradicts their assumption that this sequence is populated by modulated stars. McNamara & Barnes (2014) proposed the temperature-difference between OoI and OoII stars to be 270 K, but no such split or broadening is observed in our sample. fig. 16 approximately corresponds to sequences, which are also visible in fig. 4 , where the most metal-rich stars occur in the left part of the plot.
Higher temperature and lower luminosity of OoI metal-strong stars imply that they should have significantly smaller diameters than their more luminous counterparts. If the mass-metallicity dependence (eq. 8) is assumed to be continuous, a jump in periods should be observed, because a lower diameter would result in a higher density which, according to pulsation equation, would lead to shorter periods. Such jump in periods is really observed in fig.  16 . This new, metal-rich subclass of RR Lyrae variables is very interesting and deserves appropriate attention.
SUMMARY AND CONCLUSIONS
Based on data in the ASAS and WASP surveys the comparison of light-curve properties and physical characteristics of 176 RRab Lyrae stars with stable light variations, and 92 stars with the Blazhko effect was performed. Careful visual examination of each light curve was carried out. Only light curves, which were well and uniformly covered, were Fourier-decomposed. To be able to compare data from the WASP and ASAS surveys, Fourier coefficients based on WASP data were transformed to match those from ASAS through linear transformations. Since calibrations for physical pa- rameters determination need Fourier parameters based on a standard V light curve, all the parameters were subsequently shifted according to K05. Based on light-curve decomposition, physical characteristics of stars were calculated using the well-known calibrations mainly from Jurcsik (1998) . We assumed that these relations work for regular, as well as for modulated stars. Different parameters will than result in different physical parameters. The main findings of this paper can be summarized in the following points:
• Blazhko stars tend to have lower total mean light change amplitudes than stars with stable light curves. This amplitudedepression is caused by higher-order amplitudes, because the average A 1 of modulated and regular stars is equivalent (see Table  4 , and figures 4 and 5). A general tendency of amplitudes to get smaller with increasing period was noticed for both Blazhko and regular stars, as was expected.
• In the R 31 vs. R 21 plot ( fig. 6 ), the stars form a bent-pin dependence, where modulated stars are more or less uniformly distributed along the stem, whereas the majority of regular stars are located in the pinhead around R 31 ≈ 0.34. Blazhko stars prefer a lower R 31 . Below the limit of R 31 ≈ 0.3 modulated stars constitute 69 % of the whole RRab Lyrae population. In the R 31 vs. R 21 diagram, long-period RR Lyrae stars prefer the stem rather than the pin-head. It was also found that more metal-deficient stars tend to be more to the left in this diagram. Nevertheless, the location of a star in this plot depends also mainly on the luminosity and mass of a star. Since the luminosity and metallicity can be determined with relatively good accuracy, it should allow theorists to precisely compute preferred masses of RR Lyrae variables.
• Dependence of φ 21 and φ 31 as a function of period for the LMC, SMC and GB stars is different than for field and GC stars ( fig. 9 ) and gets steeper at P ≈ 0.55, which is nicely seen in fig.  8 . Therefore, calibrations for physical-parameters determination based on field and GC stars should not be used for LMC, SMC and GB stars, since they would probably give wrong or systematically shifted results. We guess that evolutionary effects could play a role in this observed difference.
• Blazhko stars have a longer RT compared to modulation-free stars ( fig. 10 ). It seems that RT could be a suitable indicator of modulation, because the vast majority of regular stars have an RT < 0.24. Rise time of regular RR Lyrae stars plotted against other Fourier parameters follow linear dependencies, while Blazhko stars do not. This results in inconvenience of calibrations for physical parameters determination based on RT in the case of modulated stars.
• Our analysis of field RR Lyrae stars showed no convincing evidence that Blazhko stars should prefer shorter periods than other RR Lyrae variables, as in the case of modulated stars in M5 (Jurcsik et al. 2011) or in the LMC (Alcock et al. 2003) . Thus, the plausibility of this assumption remains an open question.
• Blazhko stars appear at all metallicities, but may have a weak preference for lower metal content. Among stars with [Fe/H] ZW < −1 the incidence rate of modulated stars is about 38 %. Above this limit it is only about 23 %. Nevertheless, the average metallicity for non-modulated stars and for Blazhko variables is equal within their uncertainties. No distinct preference of modulated stars for any of the Oosterhoff groups was found.
• Modulation-free stars are about 0.03 mag brighter than Blazhko variables, which is consistent with recent findings of Jurcsik et al. (2011) for stars in GC M5. However, the difference is very small and needs to be confirmed by further studies.
• Blazhko pulsators share the same (B − V ) 0 as regular stars on average, which is consistent with the finding of Arellano Ferro et al. (2012) for RRab stars in M53. The discrepancy between our result and the one of Jurcsik et al. (2011) (Blazhko stars are bluer) could point out on an unique behaviour of stars in M5. However, the problem could also rise from the method -Jurcsik et al. (2011) directly measured (B − V ), while we determined it on the basis of semi-empirical relations using light-curve shape characteristics.
• It was found that RR Lyrae stars with the highest metal content ([Fe/H] ZW > −0.5) are about 180 K hotter than other stars at constant (B −V ) 0 ( fig. 15) . These stars form a separate sequence in φ 21 and φ 31 vs. P plots ( fig. 9 ). This group was identified recently by Szczygieł et al. (2009) and McNamara & Barnes (2014) , who assigned these stars to metal-rich OoI stars with modulation. This study showed that this group comprises mainly regular RR Lyrae stars. These most metal-rich RR Lyrae variables deserve to be observed in detail to check the reliability of empirical relations for this new group of RR Lyrae pulsators.
